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57 ABSTRACT 
In gas phase growth of a polysilicon layer on a semicon 
ductor substrate, a silicon layer of a single-crystal struc 
ture or a structure akin thereto may be formed only on 
an exposed surface of the substrate surrounded by an 
insulating film for element isolation by applying an 
energy beam to the substrate. A semiconductor device 
obtained by forming such an element as an MOS transis 
tor on the silicon layer is free from any difference in 
level between an element region and an element isola 
tion region, and hence from snapping or disconnection 
of any wiring traversing the boundary between those 
regions. 

10 Claims, 5 Drawing Figures 
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1. 

METHOD FOR MANUFACTURING A 
SEMCONDUCTOR DEVICE HAVING REGIONS 
OF DFFERENT THERMAL CONDUCTIVITY 

This invention relates to a method and an apparatus 
for manufacturing a semiconductor device, more specif. 
ically to a method and an apparatus for manufacturing a 
semiconductor device capable of reducing the differ 
ence in height, or level, between an element region and 
an element isolation region or field oxide film region. 

In a semiconductor device, an insulating film is 
formed between semiconductor elements for electrical 
isolation of one element from another. Wires connected 
to the several elements are disposed on the element 
isolation insulating film. As shown in FIG. 1, for exam 
ple, a transistor element region A including a source 2 
and a drain 3 formed in a semiconductor substrate 1, a 
gate oxide film 4, and a gate electrode 5 formed thereon 
is surrounded by an insulating film 6 for element isola 
tion such as SiO2 formed on the substrate 1. Thus, the 
insulating film 6 for element isolation constitutes an 
element isolation region B for electrically isolating one 
element from another adjacent thereto. The existence of 
the thick insulating film inevitably causes a difference in 
level between the element region A and the element 
isolation region B. In arranging aluminium wiring 8 on 
an insulating film 7, therefore, there is a great danger of 
the wiring 8 snapping at the stepped portion created by 
the difference in levels. This poses a significant problem 
for the reliability and mass production of the semicon 
ductor device. In large scale integration of semiconduc 
tor devices, in particular, the patterning width of the 
wiring, as well as the thickness thereof, are reduced, so 
that the occurrence of the snapping or disconnection of 
the wiring becomes a more serious problem. 

This invention is intended to solve the abovemen 
tioned problem, and has an object to provide a semicon 
ductor device the surface of which is smoothed by 
reducing the difference in level between an element 
region and an element isolation region. 

In order to attain the above object, there is provided 
a method for forming a layer of semiconductor material 
such as silicon only on an exposed surface of a semicon 
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ductor substrate surrounded by an insulating film for .. 
element isolation, such as SiO2 or PSG, by applying an 
energy beam to the semiconductor substrate. The for 
mation of the silicon layer only on the exposed surface 
of the semiconductor substrate may be achieved either 
by applying the energy beam after forming a polysilicon 
layer on the whole surface of the substrate having the 
insulating film for element isolation formed thereon, or 
by applying the energy beam while accumulating the 
polysilicon layer on the substrate by gas phase growth. 
According to this invention, a silicon layer of a sin 

gle-crystal structure or a structure akin thereto can be 
formed only on the exposed surface of the substrate 
surrounded by the insulating film for element isolation. 
Thus, the difference in level between the element region 
and the element isolation region can be reduced or 
substantially eliminated by forming semiconductor ele 
ments by diffusing an impurity into the silicon layer. 
This invention can be more fully understood from the 

following detailed description when taken in conjunc 
tion with the accompanying drawings, in which: 

FIG. 1 is a sectional view of a prior art semiconduc 
tor device having a difference in level between a semi 
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2 
conductor element region and an element isolation re 
gon; 

FIGS. 2 to 4 are sectional views for illustrating pro 
cesses included in a method for manufacturing a semi 
conductor device having difference in these levels ac 
cording to an embodiment of this invention; and 

FIG. 5 is a schematic sectional view of an embodi 
ment of an apparatus for carrying out the method of the 
invention. 
Now an embodiment of this invention will be de 

scribed in detail with reference to the accompanying 
drawings. As shown in FIG. 2, an SiO2 film with a 
thickness of approximately 1 um is formed on a silicon 
substrate 21 by a conventional method, and an SiO2 film 
22 for element isolation and an exposed surface 23 of the 
substrate 21 at an opening portion of the SiO2 film 22 are 
formed by selective etching. Then, the resultant struc 
ture is placed in a reaction chamber, and a polysilicon 
layer is formed to a thickness of approximately 7,000 A 
on the substrate 21 by introducing silane gas such as 
monosilane into the chamber while keeping the temper 
ature at e.g. 600 C. by a conventional method. Simulta 
neously with the accumulation of the polysilicon layer 
by such gas phase growth, a laser beam is applied to the 
substrate 21. In doing this, a thick beam may be applied 
to the whole surface of the substrate, or otherwise the 
substrate may be scanned with a narrow beam. Besides 
the laser beam, there may be used any other energy 
beams such as electron beam, ion beam, etc. By the 
irradiation with the energy beam, a silicon layer 24 is 
formed only on the exposed surface 23 of the substrate 
21, as shown in FIG, 3. 

It will be understood that silicon is deposited only on 
the exposed surface 23 of the substrate 21 but not on the 
insulating film 22 due to the difference in thermal con 
ductivity between the substrate 21 and the insulating 
film 22 of SiO2. Namely, heat energy applied to the 
exposed surface 23 by the energy beam is diffused into 
the substrate 21, exerting no influence on the deposition 
of silicon. With the insulating film 22 being of such 
material as SiO2 that is poor in thermal conductivity, 
however, heat energy applied to the insulating film will 
not diffuse but will concentrate on the surface, so that 
silicon to be deposited will be scattered, failing to form 
a silicon layer. The irradiation conditions of the energy 
beam may be selected within such a range that heat 
energy capable of scattering silicon at least over the 
insulating film for element isolation can be applied. In 
the aforementioned embodiment, for example, the laser 
beam used has a wavelength of 1.06 pum oscillation 
frequency of 10 kHz, pulse width of 200 nsec, beam 
diameter of 50 m db, scanning speed of 80mm/sec, and 
energy density of 6 to 10 J/cm2. 

Melted and recrystallized by the energy beam, the 
silicon layer 24 formed in this manner has a single-crys 
tal structure or a structure resembling the same. There 
fore, a conventional method may be utilized in forming 
a semiconductor device on the silicon layer 24. As 
shown in FIG. 4, for example, a gate oxide film 25 and 
a gate electrode 28 are formed on the silicon layer 24, 
and a source 26 and a drain 27 are formed in the layer 
24. An element region formed in this manner is substan 
tially at the same level with the insulating film 22 for 
element isolation or element isolation region. Accord 
ingly, an electrode and wiring 30 formed over those 
regions above an insulating film 29 will never be 
snapped or disconnected. 
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Although the energy beam is applied simultaneously 
with the gas phase growth of polysilicon in the afore 
mentioned embodiment, it may be done after the gas 
phase growth of polysilicon. In this case, a polysilicon 
layer is deposited on the whole surface including the 
exposed substrate surface 23 and the insulating film for 
element isolation 22. However, the polysilicon layer on 
the insulating film for element isolation 22 will be scat 
tered to disappear by the irradiation with the energy 
beam, so that a silicon layer of a single-crystal structure 
or a structure akin thereto will remain only on the ex 
posed substrate surface 23. 
Now there will be described an apparatus for carry 

ing out the method of this invention. This apparatus 
includes a reaction chamber for gas phase growth and 
means for applying an energy beam to the surfaces of 
semiconductor substrates placed in the chamber. Refer 
ring now to the drawing of FIG. 5, there will be de 
scribed an embodiment of such apparatus. A sample 
stand 42 is disposed at the bottom of a reaction con 
tainer 41 forming a reaction chamber 40, and several 
substrates 43 on which the insulation film for element 
isolation as shown in FIG. 2 is formed are put on the 
stand 42. A heater 44 underlying the sample stand 42 
controls the temperature for the gas phase growth. An 
inlet port 45 for gas such as silane gas is formed at the 
top of the reaction container 41, and a gas exhaust port 
46 is attached to the bottom portion of the container 41. 
Mounted on the top of the reaction container 41 is an 
energy beam generator 47 such as an Nd:YAG laser 
generator of a continuous Q-switching type. If the beam 
diameter is too small to irradiate the whole surface of 
each sample at a time, the whole sample surface is 
scanned with the energy beam by using beam scanning 
means 48 such as a laser reflector. 
According to this invention, a silicon layer of a sin 

gle-crystal structure or a structure akin thereto may 
easily be formed only on an exposed surface of a sub 
strate surrounded by an insulating film for element iso 
lation. By forming any semiconductor element on the 
silicon layer, a difference in level between an element 
region and an element isolation region is substantially 
removed, so that there will be no fear of aluminium 
wiring snapping. Thus, despite the reduction of the 
aluminium wiring in thickness and in width due to the 
large scale integration, snapping or disconnection of the 
wiring will not easily occur, and the semiconductor 
device obtained may be improved in reliability. Further, 
suitable selection of materials for the insulating film for 
element isolation and the silicon layer on the exposed 
substrate surface will increase the element isolation 
efficiency of the isolation region to enable reduction of 
size thereof, thereby further facilitating the large scale 
integration. 
What we claim is: 
1. In a method for manufacturing a semiconductor 

device, the process comprising the steps of: 
a. forming an insulating film on selected portions of a 

semiconductor substrate; and 
b. tending to accumulate polysilicon on the entire 

surface of the insulating film and the exposed por 
tions of the semiconductor substrate simultaneous 
with or followed by exposing said polysilicon to an 
energy beam, whereby the polysilicon tending to 
accumulate on the exposed portions of the semi 
conductor substrate is crystallized to silicon and 
the polysilicon tending to accumulate on the sur 
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4 
face of the insulating film is not crystallized but 
scattered by the energy beam. 

2. In a method for manufacturing a semiconductor 
device, the process comprising the steps of: 

a. forming an insulating film on selected portions of a 
semiconductor substrate; 

b. tending to accumulate polysilicon on the entire 
surface of the insulating film and the exposed por 
tions of the semiconductor substrate; and 

... exposing said polysilicon to an energy beam simul 
taneous with said step of tending to accumulate 
polysilicon, whereby the polysilicon tending to 
accumulate on the exposed portion of the semicon 
ductor substrate is crystallized to silicon and the 
polysilicon tending to accumulate on the surface of 
the insulating film is not crystallized but scattered 
by the energy beam. 

3. In a method for manufacturing a semiconductor 
device, the process comprising the steps of: 

a. forming an insulating film on selected portions of a 
semiconductor substrate; 

b. tending to accumulate polysilicon on the entire 
surface of the insulating film and the exposed por 
tions of the semiconductor substrate; and 

... exposing said polysilicon to an energy beam after 
said step of tending to accumulate polysilicon, 
whereby the polysilicon tending to accumulate on 
the exposed portion of the semiconductor substrate 
is crystallized to silicon and the polysilicon tending 
to accumulate on the surface of the insulating film 
is not crystallized but scattered by the energy 
beam. 

4. A process according to any one of claims 1-3, 
wherein said energy beam is a laser beam, electron 
beam, or ion beam. 

5. A process according to any one of claims 1-3, 
wherein said semiconductor substrate is formed of sili 
con, and said insulating film is formed of SiO2 or PSG. 

6. In a method for manufacturing a semiconductor 
device, wherein at least one first region of a semicon 
ductor substrate or a layer thereon has thermal conduc 
tivity sufficient to permit the diffusion into said region 
or layer of energy applied to the surface thereof and at 
least one second region of said semiconductor substrate 
or a layer thereon has poor thermal conductivity rela 
tive said first region and tends to concentrate on the 
surface thereof energy applied thereto, the process 
comprising the steps of tending to accumulate polysili 
con on the entire exposed surfaces of the semiconductor 
substrate and any layers thereon, including surfaces of 
said first and second regions, simultaneous with or foll 
lowed by exposing said polysilicon to an energy beam, 
whereby the polysilicon tending to accumulate on the 
surface of said first region is crystallized to silicon and 
the polysilicon tending to accumulate on the surface of 
said second region is not crystallized but scattered by 
said energy beam. 

7. In a method for manufacturing a semiconductor 
device, wherein at least one first region of a semicon 
ductor substrate or a layer thereon has thermal conduc 
tivity sufficient to permit the diffusion into said region 
or layer of energy applied to the surface thereof and at 
least one second region of the semiconductor substrate 
or a layer thereon has poor thermal conductivity rela 
tive said first region and tends to concentrate on the 
surface thereof energy applied thereto, the process 
comprising the steps of tending to accumulate polysili 
con on the entire exposed surfaces of the semiconductor 
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substrate and any layers thereon, including surfaces of 
said first and second regions, simultaneous with expos 
ing said polysilicon to an energy beam, whereby the 
polysilicon tending to accumulate on the surface of said 
first region is crystallized to silicon and the polysilicon 
tending to accumulate on the surface of said second 
region is not crystallized but scattered by said energy 
beam. 

8. In a method for manufacturing a semiconductor 
device, wherein at least one region of a semiconductor 
substrate or a layer thereon has thermal conductivity 
sufficient to permit the diffusion into said region or 
layer of energy applied to the surface thereof, and at 
least one second region of the semiconductor substrate 
or a layer thereon has poor thermal conductivity rela 
tive said first region and tends to concentrate on the 
surface thereof energy applied thereto, the process 
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6 
comprising the steps of tending to accumulate polysili 
con on the entire exposed surfaces of the semiconductor 
substrate and any layers thereon, including surfaces of 
said first and second regions, followed by exposing said 
polysilicon to an energy beam, whereby the polysilicon 
tending to accumulate on the surface of said first region 
is crystallized to silicon and the polysilicon tending to 
accumulate on the surface of said second region is not 
crystallized but scattered by said energy beam. 

9. A process according to any one of claims 6-8, 
wherein said energy beam is a laser beam, electron 
beam, or ion beam. 

10. A process according to any one of claims 6-8, 
wherein said semiconductor substrate is formed of sili 
con, and said insulating film is formed of SiO2 or PSG. 

s s: six 


